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I feel that some of my fellow students studying in this 
country may neglect the fundamental factor, the raw materials 
to be used at home. Thus the object of this thesis is to study, 
investigate and determine the suitability of Pinus (Pine) and 
Chamaecyparis (Cedar) of Fukien, China, for Pulp and Paper Making 
It is hoped that some day the writer will publish another paper 
based on his further research.
I am availing myself of this opportunity to tender my heart 
felt thanks to the various members of the Faculty who gave me 
valuable help in completing this work. I am particularly 
thankful to Dr. C. A. Brautlecht, Head of the Department of 
Chemistry and Chemical Engineering, Mr. P. D. Bray, Professor of 
Pulp and Paper Chemistry and Technology and Mr. Caulfield, under 
whose directions this thesis was worked, for their timely help 
and suggestions.
I wish to thank Professor S. J. Record of the Yale Forestry 
School for his kindness in identification of the woods used.
The success of this work is due to no small extent to the 




When the woods were received no one knew their botonical 
names, though my father marked them as Pine, and Sha. Professor 
Briscoe of the Maine Forestry Department advised me to send these 
two different specimens to Professor Record of the Yale Forestry 
School, for identification. Professor Record’s letter is copied 
as follows:
Yale University 
School of Forestry 
New Haven, Connecticut
December 22, 1931
Mr. T. H. Wang




I have examined the two wood samples you sent me, but
cannot identify them as to species. (A) is Chamaecyparis Sp.
similar to Ch. pisifera. (B) is Pinus sp. of the Red Pine type





Professor of Forest Products
(2)
Chemical Analysis
The amounts of cellulose, lignin, sugars and other carbo­
hydrates, fats and resins, tannin, and mineral matter in wood and 
the manner in which they act under the various treatments in the 
pulp mill, affect the quantity and quality of the pulp obtained. 
Therefore, for the purpose of studying the suitability of the 
Chinese Pine and Chamaecyparis (Cedar) for Pulp and Paper Making, 
we have to analyze the constituents mentioned above. The method 
employed and the results obtained are stated as follows:
SAMPLING. The air-dried samples were cut into sawdust by 
sawing the cross section, and the sawdust was then ground by a 
mill grinder. This sawdust was sifted and that which passed a 
-mesh sieve but was retained on a 100-mesh sieve, was used for 
analysis. After the moisture had been determined in a separate 
sample, the samples were kept in rubber stoppered flasks respect­
ively, so that the samples when taken out for analysis could be 
easily reduced to the dry weight by calculation. All results 
were then calculated on the oven-dry basis.
MOISTURE. About two to three grams of sample were weighed 
out in a glass-stoppered weighing bottle and dried in an elec­
tric oven at 1O5-1O7°C for seven hours. Dry wood is very 
hydroscopic and should always be weighed in a closed vessel. As 
Pine and Chamaecyparis are coniferous woods, the moisture figure
(3)
always includes most of the -volatile oil. Methods of drying 
should be considered from the standpoint of convenience as well 
as accuracy. Thus Renker, Schwalbe, Konig and Huhn found that 
all hydroscopic moisture can be removed by heating at 1O5-1O7°> 
and in fact this method was employed as the standard of absolute 
dryness.
ETHER EXTRACT. Two to three grams of sample were extracted 
with ether U - 5 hours in an extraction thimble in “under­
writers” extractors. The amount of resins, waxes, fats extracted 
being determined by weighing the residue remaining after evapora­
tion of the solvent. The principal constituent of resin is the 
anhydride of abietic acid. The fats are largely combinations of 
glycerine, fromed from sugars present in wood, and oleic and 
linoleic acids, probably formed from aldehydes, present during 
the sugar formation in the trees. Thus, if a plant has much 
resin and fat, it is suitable neither to the sulfite nor to the 
mechanical processes; because in the paper mill, the resin parti­
cles seem to be coagulated by the insoluble fat; and since this 
is sticky, these lumps are caught on the screens or are passed 
into the machine. Hence they may cause the paper to stick to the 
press rolls; or they may fill up the holes in the wire, or the 
pores of the felts. The Soda process can be applied to such 
plants but it has a tendency to make the fibers yellow.
(U)
COLD WATER SOLUBLE MATERIAL. About two grams of the sample 
were placed in a beaker, 30° c.c. water added, and the mixture 
was allowed to digest at room temperature with frequent stirring 
for US hours. A sample was then transferred to a Gooch crucible, 
washed with cold water, dried in an electric oven at 105°C and 
weighed in a weighing bottle. The loss in wei^it is the amount 
of the material soluble in cold water. The chief materials 
extracted by water are tannins and carbohydrates. According to 
Dr. Sutermeister’s explanation (Sutermeister’s Chemistry of Pulp 
and Paper Making p. 157)» tannin has a little interference with 
the sulfite process, because the formation of calcium sulfate 
during cooking is partially due to the reduction of tannin with 
consequent oxidation of sulphurous acid.
HOT WATER SOLUBLE MATERIAL. A few grams of samole were 
digested in 100 c. c. of water in an Erlenmeyer flask provided 
with a reflux condenser. After the water had been boiled gently 
for three hours, the contents were transferred to a Gooch 
crucible, washed with hot water, dried in an electric oven at 
105°C and weighed very quickly. The loss in weight is the 
amount of material soluble in hot water. The hot water extract 
consists of tannin, galactan and some other carbohydrates.
ALKALI SOLUBLE MATERIAL. About two grams of sample were 
placed in a beaker and 100 c.c. of 1% NaQH were added, the 
beaker covered with a watch glass, and placed in a nan of
(5)
■boiling water for exactly one hour, the height of the water in 
the pan being maintained level with the solution in the beaker 
by the addition of boiling distilled water. The contents of the 
beaker were occasionally stirred. The material was then collected 
in a Gooch crucible, washed with hot water, dilute acetic acid, 
and water successively, and then dried in an electric oven at 
105°C. The difference is the portion soluble in alkali. The 
alkali soluble consists of resin acids, pentosans, hexosans and 
some other carbohydrates.
LIGNIN. Among the four methods for the determination of 
lignin, Viz., 72$ sulfuric acid method, Ul$ hydrochloric acid 
method, gaseous hydrochloric acid method and 1$ hydrochloric acid 
method (E. Heuser, Determination of Lignin, Paper, Feb. 9, 1921), 
the 72$ sulfuric acid method modified by Becker (Paper, Apr. 6, 
1921) was regarded as the most convenient one. About 0.5 S&- of 
sanple was placed in a beaker, and covered with 5 c.c. of 72$ 
sulfuric acid and kneaded till it formed a homogeneous gelatinous 
mass. More 72$ sulfuric acid was added until 7° or SO cc. were 
present and then kept in the cool place for 2U hours. Then 
another 80 c.c. of 72$ sulfuric acid were added and the mass 
allowed to settle for several hours. The solution was filtered 
in a Gooch crucible with an asbestos mat, washed with water, 
dried to constant weight, ashed and weighed again to get ash free 
lignin.
(5)
Lignins are characterized as being carbohydrate derivatives 
containing methyl, methoxyl, formyl, and acetyl groups, and con­
sequently have a higher carbon content than cellulose or the 
hemicelluloses. (Griffin and Little, The Chemistry of Paper- 
Making, p. 113).
CELLULOSE. About two grams of sample were extracted with 
equal parts of benzol and alcohol for } - U hours in an extrac­
tion thimble in an underwriters extractor. After evaporation of 
the solvent, the sample was extracted with water, and then trans­
ferred into a 150 c.c. beaker which was subjected to a stream of 
washed chlorine gas, for half an hour, (at the rate of Uo bubbles 
per minute for each sample). At intervals of 6 - 7 minutes the 
material was stirred and the positions of the beakers were 
changed. After the chlorine treatment, the samples (from each 
beaker) were treated with a solution of 20 sodium sulfite until 
the chlorine odor disappeared and 100 c.c. of 20 sodium sulfite 
solution and 6 c.c. of 100 sodium hydroxide were added, the 
beaker covered with a watch glass, and placed in a boiling water 
for 30 minutes. The fibers were transferred to the crucible and 
thoroughly washed with hot water. The treatment with chlorine, 
followed by the sulfite washing, was repeated until the fibers 
were practically idiite (i.e. until the chlorine-sulfite color 
reaction had disappeared). The later chlorine periods should 
not be longer than 15 to 30 minutes. After lignin had been
(7)
removed, the fibers were then transferred into a Gooch crucible 
and thoroughly washed with hot water, and then successively with 
aqueous acetic acid, alcohol, and ether. The crucible was dried 
for two hours at 105°C in an electric oven and weighed in a 
weighing bottle.
PROPERTIES OF CELLULOSE RELATING TO PAPER MAKING
Recently, chemical arguments have been advanced which seem 
to indicate that the cellulose molecule is not exceedingly large. 
(The literature on this subject is quite voluminous. A good 
resume is found in a recent publication by K. Hess and J. R. 
Katz; “Die Chemie der Zellulose und ihrer Begleiter” Leipzig, 
1928). It has been erroneously assumed in organic chemistry that 
n in the formula (CgH^QO^Jn, is large; in reality, this quantity 
is completely unknown since we lack the means of determining the 
molecular size of a non-molecularly dispersible substance. From 
the researches of Bergmann and those of Pringsheim, one is given 
the impression that there is a possibility of obtaining cellu­
lose temporarily as a mono mole cularly dispersed substance, in 
which case n is 1 according to ebullioscopic method. (Colloids- 
Kruyt 7an Klooster p. 188).
12^ - 30^ NaOH or 66^ - 7^ HgSOij or HNO^ can convert 
cellulose into tou^i and transparent cellulose hydrate, a 
reaction upon which the preparation of parchment paper is based. 
Any oxidizing agent can convert cellulose into oxycellulose
(3)
(ClgHg^ig) which has a powerful attraction for basic aniline 
dyes, while hydrocellulose which is formed by moistening the 
cellulose with dilute mineral acid, (but not so dilute as sulfite 
cooking liquor) does not fix basic dyes.
The effect of heat upon cellulose is greatly increased by 
the presence of water, the cellulose being partially decomposed 
with formation of carbon dioxide and dark brown products of acid 
character. Three hours treatment at 75 pounds pressure gave an 
extract containing per 100 grams of cellulose, of l.}85 grams 
total solid, of which 0.1285 gms. were glucose or similar reduc­
ing sugars. Cellulose under about }00 pounds pressure, was com­
pletely changed to a jelly-like mass, which could be powdered 
after drying. Its composition was then the same as that of 
hydrocellulose. (Griffin and Little, Chemistry of Paper Making, 
p. 115). Although it is true that no chemical reaction takes 
place between cellulose and water at ordinary temperature yet 
the cellulose can react with water at ordinary temperature to 
become hydrated cellulose when mechanically treated by the 
beating or refining process.
ASH. Three grams of sample were added in the crucible 
and heated. The contents of the crucible were stirred from 
time to time so as to insure complete combustion. If the com­
bustion is incomplete, carbon will appear as black suspended 
matter when treated with dilute hydrochloric acid. After the
(9)
combustion was complete, the crucible was cooled and weighed.
(10)
Results of Analysis; All the results obtained are tabulated below:
Chinese Pine $ Chinese Cedar $
Moisture U.66 6.37
Ether Extract 1.00 1.6U
Cold Water Soluble Material 2.35 2.1U
Hot Water Soluble Material 2.89 2.97
Alkali Soluble Material (1$ of NaOH) 12.85 15-23
Lignin 30.02 32.9U
Cellulose 50.1U U9.1U
Ash .55 • 66
(11)
EXPERIMENTAL
PULPING OP THE WOOD
♦ **** 4> ♦♦♦ ♦♦
Apparatus
The apparatus used, for the soda cook was a small rotary­
digester, 17 1/2“ long x 9” diameter, and driven at the rate of 
16 revolutions per minute. The digester was indirectly heated 
by the use of two Fisher burners, an arrangement which made the 
maintenance of a uniform pressure somewhat difficult. The 
digester was not equipped with pressure gauge, but had a pocket 
for a thermometer. Temperatures were read every half hour and 
the pressure of saturated steam at this temperature was taken as 
the pressure. Cooks were not blown, but the digester was cooled 
quickly to the room temperature and the pulp was discharged into 
a draining box where it was washed. Most of the stock retained 
the shape of the chips because the charge was dunped at atmos­
pheric pressure and there was no means of destroying the 
original formation. In mill practice with a vertical type of 
digester the charge is blown out under a pressure and as it hits 
the side of the wash tank, the force of impact separates the 
fibers. With the rotary digester used in mills, the heavy 
weight of chips rubbing together separates the fibers to a 
large extent. In order to disintegrate the fibers, it was
(12)
suggested that the stock he run through a beater with the roll 
raised for about ten minutes. The stock was then removed from 
the beater and pressed to move as much water as possible. The 
resulting cake was weighed and a sample taken for a bone dry 
moisture test and to determine the yield.
On the basis of the working knowledge obtained from 
cooking the wood by the soda process, it was considered inadvis­
able to try the sulfite process on the wood by using a 100 
pound digester, and as there was not sufficient wood ava.ilr'-'' ~ 
to obtain good circulation in this equipment. Judging froi 
color of the pine and the per cent of resin, the Chinese p: 
under certain conditions might be suited to cooking by the 






Chips 500 g. (86.54$ B.D.) = 432.70 g. B.D.
Liquor (NaOH) 2000 c. c. (110 g./liter = 220 g. NaOH
= 50.34$ alkali (as NaOH)
Pressure
Time Hrs. °C °P (from temp.)
0 161 . 321.8 91.95
1/2 169 336.2 112.11
1 170 338 114.87
1 1/2 169 336.2 112.11
2 163 334.4 109.41
2 1/2 168 334.4 109.41
3 170 33s 114.87
3 1/2 163 334.4 109.41
4 168 334.4 109.41
4 1/2 165 329 101.63
5 158 316.4 35.13
5 1/2 150 302 69.04
6 166 330.8 104.16
6 1/2 162 323.6 94.3
7 165 329.0 101.63
Ave. 329 Ave. 101.64 #/sq.in.Ave. 165.1
Screened stock produced = 730 (15«35$ B.D.)
= 112.05 g. B.D.
Results:
$ B.D. pulp to B.D. wood. = 25.39$ on 7 hr. cook at 
average pressure of 101.64 #/sq. in. (165.1 ave. temp.) 
with 50.34$ alkali (as NaOH).
Conclusions:
This cook yielded, a satisfactory product; the fibers 
were very long, and the pulp was easy to bleach, but 
the yield of pulp obtained was low. This showed that 





Chips 1160 g. (90.1*2$ B.D. g. P.O.
Liquor (UaOH) U63O c.c. (71«5 £•/liter)
= 31.6^ alkali
= 331.04 g. NaQH
(as NaOH on wood)
Time Hrs. °C °F Pressure #/sq.in 
(from temp.)
0 161 321.8 91.95
1/2 172 341.6 120.54
1 165 329 101.64
1 1/2 168 ■53U.U 109.1*1
2 165 329 101.64
2 1/2 169 336.2 112.11
3 174 3U5.2 126.43
3 1/2 165 329.00 101.64
4 170 338.00 114.88
1* 1/2 173 3U3.140 123.1*3
5 162 323.60 9U.30
5 1/2 164 327.20 99.1U
6 164 327.20 99.14











Chips 1160 g. (90.42$ B.D.) =1048.87 g. B.D.
Liquor (NaOH) 4630 c.c:. (39*4 g./liter) = 413.85 S-
Time Hrs. °C
= 39*4$ alkali (
Oy





1/2 : 168 334.40 109.41
1 169 336.00 112.11
1 1/2 170 333.00 114.88
2 165 329.00 101.64
2 1/2 169 336.20 112.11
3 162 323.60 94.30
3 1/2 165 329.00 101.64
4 171 339-80 117.67
4 1/2 170 333.00 114.88
5 155 311.00 73.81
5 1/2 162 323.60 94.30
6 162 323.60 94.30
6 1/2 170 333.00 114.88
7 170 333.00 114.88
Ave., 165.80 Ave .330.00 Ave. 104.00
Screened stock produced = 3636.36 g* (10.95$ 5*0*)
= 393.18 g. B.D.
Results;
% B.D. pulp to B.D. wood = 37*96$ on 7 hr. cook at aver­
age pressure of 104 #/sq. in. (165° ave. temp.) with 
39.40$ alkali (as NaOH).
Conclusions;
The yield of pulp obtained was higher than in the first 





1300 g. (90.142$ B.D.) = 1175Chips
Liquor (NaOH) 5200 c.c. (SO g./liter) = U16 g. NaOH
- 35*39$ alkali (as NaOH on wood)
Time Hrs. °C °F Pressure #/sq. 
(from temp.)
0 160 320 89.65
1/2 162 323.60 94.30
1 169 336.20 112.12
1 1/2 166 330.80 10I+.16
2 165 329.00 101.6U





1+ 160 320.00 89.65
1+1/2 155 311.00 78.81
5 , 170 338.00 111+.88
5 1/2 165 329.00 101.6U
6 162 323.60 94.30
6 1/2 168 334.40 109.1+1
7 16U 327.20 99.14
Ave. 165.140 Ave. 329.1+0 Ave. ~O1‘64
Screen stock produced = 5909 £• (8$ B.D.)
= 1+72.72 g. (B.D.)
Results;
$ B.D. pulp to B.D. wood — 1+0.2$ on 7 hr. cook at average 
pressure of 101.61+#/sq. in. (165*l+O0 Ave. Temp.) with 
35.39$ alkali (as NaOH).
Conclusions:
The product of this cooking was difficult to bleach the 
fibers not being separated sufficiently, as would be the 
case in commercial practice where the pulp is blown from the 





Chips 1300 g. (90.42$ B.D.) = 1175.46 g. B.D.
Liquor (NaOH) 5200 c.c. (85 g./liter) = 442 g. (NaOH)
= 37.6$ alkali (as NaOH on wood)
Time Hrs. °C °y Pressure #/sq. in.
(from temp.)
0 158 316.40 85.18
1/2 172 341.60 120.54
1 160 320.00 89.65
1 1/2 158 316.40 85.18
2 168 334.40 109.40
2 1/2 163 325.40 96.68
3 166 330.80 104.16
3 1/2 167 332.60 106.76
4 163 325.40 96.68 -
4 1/2 162 323.60 94.00
5 160 320.00 89.65
5 1/2 167 332.60 106.76
6 160 320.00 89.65







Screened stock produced = 6820 g. (8.22 $ B.D.)
= 560.60 g. (B.D.)
Results;
$ B.D. Pulp to B.D. wood = 47.69$ on 7 hr. cook at average
pressure of 99.14 #/sq. in. (164° Ave!. Temp.) with 37*6$
alkali (as NaOH).
Conclusions;
As far as yield of pulp obtained and per cent of bleach








1110 g. (93-56$ B.D.) = 1038.51 g. B.D.
4630 c.c. (85 g./liter) = 393.55 g.
= 37.89$ alkali (as NaOH on wood)
Cook
Pressure #/sq. in.
Time Hrs. °C °p (from temp.)
0 160 320 39.67
1/2 167 332.60 106.77
1 170 338*00 114.88
1 1/2 17U 3U5.20 126.143
2 169 336.20 112.11
2 1/2 160 320.00 89.67
3 165 329.00 101.64
3 1/2 170 338.00 114.88
14 166 330.80 104.16
U 1/2 160 320.00 89.67
5 170 338.00 114.88
Ave. 166.40 Ave. 331*00 Ave.104.20





$ B.D. pulp to B.D. wood = 44.67$ on 5 hr* cook at 
average pressure 104.20 #/sq. in. (166.140° ave. tenp.) 
with 37*89$ alkali (as NaOH on wood).
Conclusions:
The fibers were not so long as those of the pine, but the 
time required for cooking was shorter. Cedar was not as 







1120 g. (93.56$ B.D.)
M6M0 c.c. (SO g./liter) 
= 35-M2$ alkali
= 1OU7.37 g. B.D.
= 371.20 g. NaOH
(as NaOH) on wood
Cook
Time Hrs. °C °F
Pressure #/sq. in. 
(from temp.)
0 159 313.2 87.39
1/2 175 3^7*00 129. MM-
1 169 336.20 112.11
1 1/2 163 334.40 109.Hl
2 162 323.60 94.30
2 1/2 15s '316. MO 85.18
3 15s 316.Mo 85.18
3 1/2 170 33s.00 114.88
u 16M- 327.20 99.14
4 1/2 167 332.60 106.76
5 163 325.Mo 96.68
5 1/2 169 336.20 112.11
6 170 333.00 114.88
Ave.. 165.50 Ave. 330.00 Ave. 102.22





$ B.D. pulp to B.D. wood = M-5.93$ on 6 hr. cook at average 
pressure 102.22 #/sq. in. (165*50° ave. tenp.) with 
35*^$ alkali (as NaOH on wood).
Conclusions:
From the results obtained the concentration of the caustic 
could be decreased to 70 g./liter, the cooking time in­





Chips 1100 g. (93.56% B.D.) = 1029.16 g. B.D.
Liquor (NaOH) 4630 c.c. (70 g./liter) = 324.10 g. NaOH
= 31.49$ alkali (as NaOH on wood.)
B.D.
Time Hrs. °C y
Pressure #/sq. in. 
(from temp.)
0 156 312.SO so. 90
1/2 172 341.60 120.54
1 172 341.60 120. 54
1 1/2 170 338.00 114.88
2 169 336.20 112.11
2 1/2 167 332.60 106.76
3 163 334.40 109.41
3 1/2 167 332.60 106.76
4 166 330.80 104.16
4 1/2 166 330. SO 104.16
5 166 330. SO 104.16
5 1/2 170 338.00 114. SS
6 165 329.00 101.64
6 1/2 170 338.00 114.SS
Ave. 167-60 Ave. 334.00 Ave. 109.00 ^/sq. in.
Screened stock produced = 6193.6O g. (7.39$ B.D.) = 457.7 g.
Results:
$ B.D. pulp to B.D. wood. = 44.4$ on 6 1/2 hr. cook at aver­
age pressure of 109 #/sq. in. (167.60° ave. temp.) with 
31.49$ alkali (as NaOH on wood).
Conclusions:
The cedar chips in this case were well cooked; other things 






Chips 1130 g. (93-56% B.D.) = 1056.22 g. B.D.
c.c. (65 g./liter)
= 28.49$ alkali
= 3°O«95 g. NaOH 
(as NaOH on wood)
U63OLiquor (NaOH)
Cook




1 1/2 165 329.00
2 175 347.00
2 1/2 163 334. UO
3 t 165 329.00
3 1/2 165 329.00
4 167 332.60
4 1/2 170 333.00
5 162 323.60
5 1/2 171 339.80
6 167 332.60
6 1/2 166 330.80























$ B.D. pulp to B.D. wood = 44.35$ on 6 1/2 hr. cook at
average pressure of IO6.76 #/sq. in. (167° ave. temp.) with
23.49$ alkali (as NaOH on wood).
Conclusions:
This cook was considered the best with respect to the con­
centration of caustic used, the yield and quality of pulp 





Screened stock produced. No further work was done with
Chips 1100 g. (93,56$ B.D.) = 1029.16 g. B.D.
Liquor (NaOH) 4630 c.c. (60 g./liter) = 277.80 g. NaOH
= 29.9$ alkali (as NaOH on wood)
Pressure #/sq.
Time Hrs. °C °E (from temp.)
0 150 302 69
1/2 168 334 109
1 167 333 107
1 1/2 166 331 104
2 165 323 102
2 1/2 162 324 94
3 160 320 90
3 1/2 170 338 115
4 168 334 109
4 1/2 169 336 112
5 170 338 115
5 1/2 170 333 115
6 175 347 130
6 1/2 170 338 115
7 170 325 U5
Ave,.167 Ave. 331 Ave. 105
this cook due to the fact the liquor was just enough to 
dissolve out the non-cellulose materials but the charge 
was ”dumped” at atmospheric pressure.
(23)
Bleaching of the Pulp
Bleaching tests were carried, out on a $0 gram bone dry 
sample at 2$ consistency in crock placed in a water bath at 
37°C (98.6°F). An excess of bleach was added and after bleach­
ing to a standard white, the excess of bleach was titrated and 
the bleach consumption calculated in per cent.
(2U)
Determination of Free Caustic 
in Soda Black Liquor
***********
The free NaOH in the black liquor was determined by 
pipetting 25 c.c. of black liquor into a mixture of 15 c.c. of 
saturated Barium Chloride solution and UOO c.c. of water and 
titrating with normal hydrochloric acid, using phenolphthalein 
as an indicator and a porcelain tile as a background. The acid 
was added slowly and the end point was that point at which no 
pink color developed within two minutes after one or two drops 
of the liquid were mixed with the indicator. The results were 
calculated as grams per liter of NaOH.
(25)
Making the Hand Sheets
U5OO c. c. of the stock solution containing 90 grams of
hone dry pulp was divided into six portions and a hand sheet 
made from each portion in the Standard U. s. Sheet Machine. The 
sheet thus formed was couched off the screen by the use of felts, 
and then transferred to a sheet of zinc, where the sheet was 
allowed to dry.
(26)
Physical Tests on Hand Sheets
***********
Two hand sheets of each type of pulp were tested as 
follows:
Each hand sheet was first measured as to length and width. 
The sheets were then weighed on a Quadrant Scale, (Fred Baker, 
New York City) and the weight of 500 sheets of paper of the size 
weighed, found.
Each sheet was tested as to thickness in a thickness 
tester, for strength by use of Mullen Strength tester and for 
tearing strength. Each sheet being tested ten times so that a 
fair average strength could be had.













Wt. of 500 sheets 
tested (in lbs.) 17 9.70 13.30
Wt. of 500 sheets 
(25 x UO) (in lbs.) 171.70 97.20 I3U.U5
Ave. Mullen strength 
of 10 readings
(in points) 13 10.30 11.90
Ave. thickness of 10 
readings (in mm.) 1.52 .35 1.18
Ave. tear of 10 
readings (in grams) 123 112 120.00
Strength Ratio = 11.J x 100 = 8.85
I3U.U5
Relative compactness = x °±393Z x .A0i°0P =













Wt. of 500 sheets 
tested (in lbs.) 1U. 50 11.70 13.IO
Wt. of 500 sheets
(25 x UO) (in lbs.) 132.30
Ave. Mullen strength 
of 10 readings
(in points) S.32 5.35 6.23
Ave. thickness of 10 
readings (in mm.) .652 1.36 1.006
Ave. tear of 10 
readings (in grams) 6U 32 48.00
Strength Ratio - x 100
132.30
= 5.16
Relative compactness= A• ’ X .03937 X 10 * 000 _ £> QQ
132.30







Size of sheet 
tested (inches) 11 x 9 11 X 9 11 x 9
Wt. of 500 sheets 
tested (in lbs.) 10.06 11.01 10.53
Wt. of 500 sheets 
(25 x UO) (in lbs.) 106.30
Ave. thickness of 10 
readings (in mm.) 1.06 1.157 1.18
Ave. tear of 10 
readings (in grams) 27 72 79.50
Ave. Mullen strength 
of 10 readings
(in points) 8.50 8.05 8.27
Strength Ratio = $*27g x 100 _ 7 7g
.30
Relative compactness = 1.08 x .03937 x 10.000 _ h
106.30












Wt. of 500 sheets 
tested ( in lbs.) 8.50 10 9.25
Wt. of 500 sheets
(25 x 140) (in lbs.) 93.40
Ave. Mullen strength 
of 10 readings
(in points) 5.35 5.50 5.142
Ave. thickness of 10 
readings (in nun.) 1.082 1.284 1.183
Ave. tear of 10 
readings (in grams) 16 16 16




Relative compactness = 1.183 x .03937 X 10^000 _ )| QQt







Size of sheet 
tested (inches) 11 x 9 11 x 9 11 x 9
Wt. of 500 sheets 
tested (in lhs.) 10.90 10.90
Wt. of 500 sheets
(25 x 140) (in lbs.) 111.11 111.11
Ave. Mullen strength 
of 10 readings
(in points) 5.5 5.5
Ave. thickness of 10 
readings (in mm.) 1.267 I.267
Ave. tear of 10
readings (in grams) 16 16
Strength Ratio = 5*5 £.AQQ = '4.9
X XX• X X
Relative compactness = X,*.Q3237 * IQ,000 _
X X X• XX







Size of sheet 
tested, (inches) 11 x 9 11 x 9 11 x 9
Wt. of 500 sheets 
tested, (in lbs.) 12.50 1U.00 13.25
Wt. of 5OO sheets
(25 x Uo) (in lbs.) 133.7 133.70
Ave. Mullen thickness 
of 10 readings
(in points) 6.00 6.00 6.00
Ave. thickness of 10 
readings (in mm.) l.*407 1.581 1.U9U
Ave. tear of 10 
readings (in grams) 16 26 21












Size of sheet 
tested (inches) 11 x 9 11 X 9 11 x 9
Wt. of 500 sheets 
tested (in lbs.) 11.5 15.00 13.25
Wt. of 500 sheets
(25 x *40) (in lbs.) 133.70
Ave. Mullen thickness 
of 10 readings
(in points) 6.13 8.25 7.19
Ave. thickness of 10 
readings (in mm.) 1.257 1.I429 1.3U3
Ave. tear of 10 
readings (in grams) 30 52 Hl
Strength Ratio = .70 ■5,37
Relative compactness = I..3U3 X .03937 x 10.000 3.95
Tearing Factor = - 30.66
(3*0






























1 110 50.84 165.10 101.64 25-89 7 3.49
2 71.5 31.60 167.00 IO6.76 Failure 6
3 89. Uo 39.40 165.80 104.00 37.96 7 4.00
4 80.00 35.39 165.140 101.64 140.20 7
not 
good
5 85.00 37.60 164.00 99.14 47.69 7 6.00 26.17
1 85.00 37.39 166.140 104.20 44.67 5 13.00
2 80.00 35.42 165.50 102.22 45.93 6 18.00 29.76
3 70.00 31.4-9 167.60 109.00 44.140 6 1/2 20.00
4 65.00 28.49 167.00 IO6.76 44.35 6 1/2 25.OO 146.18
Comparison
**********
The following table shows the comparison between the cook­
ing conditions and results of the Chinese pinus and chamaecyparis 











Chinese Pinus 37.60 7 99.14 47-69 7
Chinese Cedar 28. U9 6 1/2 106.76 UU.35 25
American
Aspen 2 8.2 110.00 41.00 15
American
Beech 3 27.90 8.3 110.00 45.00 14.7
American
Agelman
Spruce 28.60 9*3 110.00 39.00 69
American Grand
Fir 3U.7O 10.3 110.00 Ui.oo 47
American 
Lodgepole 
Pine 29.50 10.3 110.00 ho. 00 46
American 




From the foregoing the following conclusions are arrived at;
(1) In pine, the highest yield was obtained in cook No. 5 
which gave a yield of 47*69$ on a 7 hr* cook using 37*6$ alkali 
(35 g./liter), while that of the cedar was, from the commercial 
point of view, in cook No. 4 which gave a yield of 44.35$ on
6 1/2 hr. cook using 28.49$ alkali (65 g./liter).
. . the
(2) The higher concentration of caustic used the less the 
per cent, of bleach required.
(3) A study of the results obtained from the physical tests 
indicate that the pine and cedar can be made into paper to the 
best advantage, as regards yield of pulp obtained, per cent, of 
bleach used, and strength factors of paper obtained if cook No. 2 
and 5 of the former and cook No. 4 of the latter are followed.
(4) The finished stock that was brushed out in the beater 
was very good. A few sample sheets made of it were taken to the 
University of Maine Printing Department to test its suitability 
for printing purposes. It was found suitable.
(5) Pine was stronger and easier to bleach than the 
Chamaecyparis but it required more caustic.
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